C O-infections with Newcastle disease (ND) and avian influenza (AI) highly pathogenic viruses causes high mortality and high economic losses. In this study, 322 samples were collected from 50 chicken flocks suffering from respiratory symptoms, severe drop in egg production and mortalities from December, 2013 to December, 2014. Real time polymerase chain reaction (RT-PCR) was performed to detect the M protein of H9 gene of AI and F gene of velogenic ND virus (vNDV) co-infection. H9 PCR was 20 and 34 in cloacal and pharyngeal swabs with total percentage of 6.2 % and 10.5%, respectively. The H9 sequences showed low pathogenic RSSR/GLF motif. The phylogenetic tree showed that H9 sequences belong to the G1 lineage which clustered with 2015 -2016 Egyptian H9N2. Partial sequences of the Fusion gene revealed that the isolated NDV isolates belong to class II genotype VIIj. The cleavage site of the F protein showed the presence of a polybasic amino acid motif (112RRQKRF117) suggesting that our two isolates were vNDV strain. The molecularly identified H9 (1 isolate) and NDV Genotype VII (2 isolates) were named AI/CHICKEN/EGYPT/48Ob/NRC-CU/2014(H9), NDV/CHICKEN/EGYPT/48Ob/NRC-CU/2014, and NDV/CHICKEN/EGYPT/66Oc/NRC-CU/2014, and nucleotide sequences were submitted to GenBank and given accession numbers MG966504, MG966505, and MG966506, respectively. Conclusion: Natural mixed infections with AIV H9N2 and virulent NDV genotype VIIj viruses were detected in chicken flocks suffering from respiratory symptoms and mortalities in Egypt.
Introduction
Low pathogenic avian influenza virus (LPAIV) H9N2 and Newcastle disease virus (NDV) are the main respiratory causes of high mortality rates in broiler chicken flocks [1] . Infections of domestic poultry with AI H9N2 viruses are usually in mild form result in decreased feed and water consumption and decreased egg production with mild respiratory signs and low mortality [2] . However, during the last years, outbreaks of LPAIV H9N2 infections in commercial poultry flocks appeared to be associated with severe clinical signs, variable high mortality (20%-65%) and high reduction in egg production (up to 75%) as reported by Suarez [3] . Similar findings in Hong Kong, an outbreak of H9N2 influenza virus (A/chicken/Hong Kong/739/94) infection were reported in which 75% of infected chickens showed coughing and respiratory distress associated with 10% mortality. It was reported that North American and the Eurasian lineages are the major two genetic lineages of H9N2 viruses circulating in poultry [4, 5] . Phylogenetically, the Eurasian avian H9N2 viruses are genetically differentiated into 3 main sublineages: the G1 lineage, the Y280 and the Korean lineage represented by their prototype strains A/Qa/HK/G1/97, A/Dk/HK/Y280/97 and A/Ck/Korea/38349-p96323/96, respectively [6] . Evolution, molecular epidemiology and historical studies of H9N2 isolates have investigated that H9N2 viruses had been evolved gradually into several sublineages from the Eurasian lineage [7] .
In Egypt Many investigators reported that poultry flocks were affected with NDV belongs to class II, genotype VII subgenotype VIIb and subgenotype VIId [8] [9] [10] [11] [12] .
Mixed infection by AI subtype H9N2 and NDV causes a major veterinary health crisis, resulting in great loss among poultry flocks. Natural field mixed infections of NDV and LPAIV have been reported many times in poultry [13, 14] . LPAI H9N2 subtype has been favors the occurrence of NDVAI mixed infections in backyard and commercial farms of layers, breeders, broilers and turkeys in the Middle East [15] . The presence of good immunity against NDV, vaccine breaks of vNDV have caused drops in egg production and mortality events often reported in association with H9N2 infections [16] . This suggests a role of this pathogen in the sustained circulation of NDV in the region. Gowthaman et al. [17] reported that 18/48 of tested flocks (37%) were positive for the isolation of hemagglutinating agents, 11 flocks (61%) out of 18 HA positive flocks were positive for AIV and NDV. Taher et al. [18] showed that 41 out of 180 broiler farms were positive for either Infectious bronchitis virus (IBV) or vNDV or AI-H5 and AI-H9 as a single infection as follows: 24, 10, 5 and 2 farms, respectively.
Real time -polymerase chain reaction (RT-PCR) as a molecular diagnostic assay showed superior in sensitivity and acceptability as a gold standard [19] [20] [21] .
This study was conducted for isolation, molecular characterization and detection of genetic diversity of AI H9N2 and ND viruses in natural field mixed infection among chicken flocks.
Material and Methods

Samples collection and processing
A total of 322 cloacal and or pharyngeal swabs were collected from December, 2013 to December, 2014) from 50 chickens flocks in five separate Governorates (Cairo, Qalubiya, Sharkia, Dakahlia and Menuofiya). These flocks were suffering from respiratory symptoms, sever drop in egg production and high mortalities. Swabs were collected in transport medium (1ml/ swab) which consisted of 50% glycerol, 50% Phosphate buffer saline (PBS) with penicillin (2x10 6 U/liter), streptomycin (200 mg /liter), and amphotericin B (250 mg/liter, Lonza, Walkersville, MD). Samples were stored at -80°C until tested.
Specific Pathogen Free (SPF) chicken eggs
Fertile SPF chicken eggs were used for virus propagation. Embryonated eggs were inoculated at the 9 th day of age via allantoic sac rout according to OIE [22] .
Extraction of viral RNA
The genomic viral RNA was extracted from sample swabs and haemagglutination (HA) positive allantoic fluid of inoculated SPF embryonated eggs by using QIAamp viral RNA extraction Kits according to the manufacture's protocol.
Virus isolation and propagation
Samples that showed partial M segment RT-PCR positive reaction were inoculated separately in allantoic sac of 10-day-old SPF chicken eggs, further incubated at 37.5°C for 48h, chilled at 4°C for 4h and allantoic fluid was tested for the presence of haemagglutinating activity using HA test. HA positive allantoic fluid was harvested, labeled and kept frozen for further investigations.
Haemagglutination (HA) test
HA test was performed with 0.5% chicken red blood cells (CRBCs) by a standard method according to WHO [23] .
Detection of AIV and NDV
All extracted viral RNA from collected samples were screened for detection of influenza A virus matrix (M) gene by Real-Time-PCR (RRT-PCR) using the primers (Table 1 ) designed by CDC [24] . Samples that were positive for the M segment were then subjected to H5, and H9 hemagglutinin subtyping by conventional RT-PCR according WHO [23] . RT-PCR was conducted for detection of NDV F-gene using specific primers (Table 1) in samples that showed a positive reaction for typing and subtyping AIV. Field samples previously confirmed to be positive (for the related genes) in our laboratory were used as positive control, while negative control was PCR mixture + sterilized water.
Amplification of the full HA influenza gene
Amplification of the full HA influenza gene in the extracted viral RNA from harvested allantoic fluid were done using universal primers [28] according to the manufacturer's instructions. Thermal cycling RT-PCR conditions included a reverse transcription 50°C for 30 min. then an Initial PCR activation step 95°C for 15 min. followed by 40 cycles at 94°C for 30 sec., 58°C for 30 sec. and 72°C for 1 min., then the final extension was performed at 72°C for 10 min. The PCR products of all samples showed a positive band in electrophoresis were purified using QIAquick PCR purification kit, using the PCR purification protocol. 
CTGCCACTGCTAGTTGTG ATAATCC
Amplification of partial F NDV genome
Partial F NDV genome by thermal cycling RT-PCR conditions included a reverse transcription 50°C for 30 min. then an Initial PCR activation step 95°C for 15 min. followed by 40 cycles at 94°C for 30 sec., 55°C for 30 sec. and 72°C for 45 sec. then the final extension was performed at 72°C for 10 min. The PCR products of all samples showed a positive band in electrophoresis were purified using the QIAquick PCR purification kit, using the PCR purification protocol.
DNA sequencing
Purified PCR products were used directly for sequencing reactions using a BigDyeR Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). Kits were used according to instructions of the manufacturer. Further, amplified for 26 cycles at 95 o C for 30 sec, 50 o C for 15 sec, and 60 o C for 4 min were done. The reaction product was purified by exclusion chromatography in CentriSep columns (Princeton Separations, Adelphia, NJ). The recovered materials were sequenced using a 96-capillary 3730xl DNA Analyzer (Applied Biosystems). Sequences were assembled using SeqMan DNA Lasergene 7 software (DNASTAR, Madison, WI, USA).
Sequence analysis and Phylogenetic analysis:
Multiple sequence alignment was done using MegAlign (DNASTAR) and BioEdit 7.0 according to Hall [29] . Percent identity matrices comparing the genes under study to each other were obtained. MEGA 7.0 was used for phylogenetic tree construction of the full HA influenza gene and partial F NDV gene by applying the neighborjoining method with Poisson correction and 1000 bootstrap replicates. The obtained nucleotide sequences were compared with those of H9N2 and NDV available in GenBank ( Fig. 1-3 
Results
Seventy fife samples tested for influenza A were positive by matrix gene RT-PCR positive (57samples showed Ct value <36 and 18 were Ct >36). Positive results from or pharyngeal swabs was higher (13.9%, 4% and 10.5% for Influenza A, H5 and H9, respectively) than cloacal swabs (9.3%, 4.3% and 6.2% for Influenza A, H5 and H9, respectively) ( Table 2 ). The total 75 positive samples out of 322 (23.2%) were represented H5, H9 and H5+ H9 subtypes in rates of 27 (8.3%) 54(16.7%) and (21) 6.5%, respectively ( Table 2) .
Positive swabs for AI matrix (M) gene segment RRT-PCR with Ct values <36 were inoculated in 10 days SPF chicken embryos and harvested allantoic fluid showed that 35 samples were positive with HA titre ranged from log 2 5 to 12.
HA positive allantoic fluids of passed swabs were subjected to RT-PCR assay for detection of M segment of H9 and F gene of subtype vNDV. Positive results was proved in 25, 13 and 2 for H9, vNDV and mixed vNDV with H9, respectively.
Two vNDV isolates and one H9N2 isolate were named, sequenced and the obtained sequences were submitted to GenBank and given accession numbers MG966504, MG966505, and MG966506, respectively.
The phylogenetic analysis of full HA sequence of a single selected AI H9 isolate was named AI/ CHICKEN/EGYPT/48Ob/NRC-CU/2014(H9). The amino acid sequences of the HA protein of our isolate shared 95.5-99.1% homology with Egyptian strains. The deduced mino acid sequences at the cleavage site of HA contained low pathogenic RSSR/GLF motif. Phylogenetic analysis of the HA protein indicated our strain no:
MG966504 was belonged to the A/quail/Hong Kong/G1/97-like virus lineage clustered with group B (Fig.1) . The isolated strains were closely related to Egyptian strains which were prevalent in 2015-2016 with identities of 98.7-99.1 %.
The amino acid sequences of the F protein of the circulating isolates NDV/CHICKEN/ EGYPT/48Ob/NRC-CU/2014 (MG966505) and NDV/ CHICKEN/ EGYPT/ 66Oc/ NRC-CU/2014 (MG966506) shared 93-100% homology with Egyptian strains and 82.7-87.3% with vaccine strains. Sequencing of the region corresponding to the F protein cleavage site was 112 RRQKRF 117 , suggesting that our two isolates were vNDV strain.
Phylogenetic analysis of our isolates MG966505 and MG966506 are belong to class II, related to genotype VII with reference to the nomenclature described by Diel et al. [30] ( Fig.2) in a new sub-genotype named VII-(j) (Fig.3 ) identified by the phylogenetic differences and evolutionary distances using the criteria previously established by Xue, et al. [31] .
Discussion
Poultry respiratory diseases have been reported to be caused by single or mixed infections with several microbial agents and non-microbial factors [32, 33] . Many authors documented natural mixed infections with NDV and LPAIV in domestic poultry [13, 14] . NDV and LPAIV are the main respiratory causes in broiler chicken flocks [14, 34] . ND and LPAI viruses in association with each other can cause disease, or with pathogenic bacterial agents [35, 36] . H9N2 infection showed no overt symptoms or mild respiratory signs unless the infection is complicated with other pathogens [35, 36] .
This study revealed high detection rates of H9 in chicken flocks with no history of H9 vaccination. Similar findings were reported by others [39] [40] [41] .
High detection rate percentage of H9 in pharyngeal swabs [34(10.5%)] was higher as compared with cloacal swabs [20(6.2%)]. This result suggested that LPAI H9 is a primarily respiratory disease in poultry and replicates mainly in the respiratory tract in gallinaceous birds as reported by Swayne and Halvorson [2] . The mixed infection of chickens with AIV-H9 and NDV even in vaccinated flocks can lead to increase mortalities as previously reported by Banet-Noach et al. [16] .
Phylogenetic analysis of HA of H9 strain showed that these isolates are closely related to H9N2 viruses of Middle Eastern countries group B. The Egyptian viruses shared the common ancestor A/quail/Hong Kong/G1/1997 prototype. The isolates in this study were clustered with 2015 -2016 Egyptian H9N2 virus sequences which are available in the GenBank database. The HA cleavage motif sequence of our strain 335 RSSR*GLF 341 (H9 numbering) suggesting that our isolates was low pathogenic.
Potential glycosylation sites were predicted as NXS/T motifs, in which X is any amino acid except proline. Changes in the glycosylation patterns of HA can affect host range and virulence of influenza viruses. In Egyptian strains found lack of 2 glycosylation sites compared with A/quail/Hong Kong/G1/1997 prototype [40] . Antigenic conservation of different Egyptian H9N2 isolates from chickens, pigeons and ducks was observed and co-circulation with these infections provides a possibility to generate novel reassortant viruses [40] .
The identified NDV VII genotypes are currently divided into subgenotypes VIIa-VIIi [42] , although some sporadic novel VIIj were found in last year's [43] . Genotype VII viruses have been associated with recurrent poultry outbreaks in Eastern Europe, Asia and Middle East followed by sporadic events in both Africa and South America, making this genotype of ND viruses of significant global economic importance [44] . Furthermore, In the 1990s and in the beginning of 21 st century sub-genotype VIIb have been reported to be associated with outbreaks in poultry in many countries including Turkey, South Africa, Europe, Mozambique, Kazakhstan, Far East and Middle East as well as India [11, 12, [45] [46] [47] .
Analysis of amino acid sequence and phylogenetic analysis of the NDV F-gene proved that the obtained isolates is belong to class II, genotype VII, sub genotype VIIj which close related and clustered with another reference sub genotype VIIj According to evolutionary divergences, VIIj Chinese viruses may have played a crucial role in the emergence of VIIj isolates leaded to appearance of this novel VIIj subgenotype so further studies needed to explain [48] .
Sequencing of the F protein cleavage site corresponding region showed that its amino acid sequence was 112 RRQKRF 117 , suggesting that our two isolates were vNDV strain as previously reported [ 9, 10, [49] [50] [51] .
In conclusion: Results of this study pointed out that the presence of LPAI H9 and virulent NDV Genotype VIIj in mixed naturally infected chicken flocks with respiratory symptoms and mortalities. Therefore, further studies for monitoring and epidemiology of NDV and avian influenza in Egypt are recommended to determine evolution and the impact of co-infection with both viruses on poultry industry in Egypt.
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